Titration curves of ovalbumin and s-ovalbumin were compared in studies of changes in properties of ovalbumin on conversion to s-ovalbumin. Although there are 49 carboxyl groups in ovalbumin, two were not titrated in 0.25 m KC1but on conversion to s-ovalbumin. A similar change was also noted in the two carboxyl groups of ovalbumin in denaturation with guanidine hydrochloride. Liberation ofcarboxyl groups was noted in ovalbumin samples which were assumed to contain various amounts of intermediate and the isoelectric focusing patterns of these samples also changed. No difference was noted in the both amounts of ionizable amino groups and phenolic hydroxyl groups between ovalbumin and s-ovalbumin. This seems to show that these two groups are not concerned with the liberation of carboxyl groups during ovalbumin-s-ovalbumin transformation.
In a previous work,1} we compared the properties of ovalbumin with those of sovalbumin in the native state and found that someminor differences were present in some cases, such as the DEAE-cellulose chromatographic elution patterns, the isoelectric focusing patterns and the titration curves of both proteins. Based on these results, we deduced that changes in the surface charge might occur during the ovalbumin-s-ovalbumin transformation. Of the changes noted above, the differences between the titration curves of both proteins are interesting.
A significant difference was that of the maximum proton uptake of both proteins; 34 for ovalbumin and 36 for s-ovalbumin, respectively. From this result, we assumed that the carboxyl groups are liberated during the ovalbumin-s-ovalbumin transformation.
In this work, we extended our studies on the titration curves of both proteins to determine the number of carboxyl groups in ovalbumin and^-ovalbumin and to obtain some information about the behavior of carboxyl groups * Studies on Ovalbumin-s-Ovalbumin Transformation. Part II.
during the ovalbumin-s-ovalbumin transformation.
MATERIALS AND METHODS
Ovalbumin and s-ovalbumin. Ovalbumin was prepared from fresh egg white by the ammoniumsulfate procedure of Soerensen. s-Ovalbumin was prepared from the obtained ovalbumin by the method described by Smith and Back.2) Guanidine hydrochloride.
Guanidine hydrochloride (Gdn-HCl) was recrystallized from a commercial preparation according to the method ofNozaki.3) A 6 m Gdn-HCl solution had an absorbance less than 0.10 at 225nm.
Measurement of denaturation temperature. Denaturation was measured by isoelectric precipitation as described previously.1} Measurementswere madeat various heating temperatures and the amounts of denatured proteins were calculated. Fromthe results, denaturation temperature (Tm) was defined as the temperature at which 50% of the protein was denatured.
Titration curve. The pHof the solution was measured with a Corning Model 130 pH meter with a micro combination electrode. Titration was carried out at 25± 1°C with nitrogen passing over the solution. When the apparent heat of ionization was measured, the titration was also carried out at 20°C and 30°C. For apparent activity coefficients of H+and OH~ions at the various concentrations of Gdn-HCl solutions, the values described by Nozaki and Tanford4) were used.
Spectrophotometric titration. For measurement of the spectrophotometric titration curve, solutions of varying pH were made by adding a definite concentration of stock solutions ofproteins in water or Tris buffer, 1 m KOHand 1m KC1, the last so as to make the total volume about 4.0ml. The difference spectrum of each solution was measured at 295nm against a matching solution at pH 6.0. The number of ionized tyrosyl groups per mol of protein was calculated from the measured values to be As/2300,5) where As indicates changes in the molar extinction coefficient.
Measurementof amino groups. Aminogroups of the protein were measured by the 2,4,6-trinitrobenzenesulfonic acid (TNBS) procedure proposed by Satake et al.6) with a slight modification.
The procedure used in this experiment was as follows; 4ml of 0.4 m borate buffer (pH 9.5) and 1ml of0.05m Na2SO3 were added to 2ml ofa 0.1% protein solution. Then, 1 ml ofa 0.1% TNBSsolution was added. After mixing well, this solution was incubated at 37°C for a definite time and the extinction at 420nm wasmeasured.
Isoelectric focusing. Isoelectric focusing was performed in 7.5cm gels containing 7.5% polyacrylamide and 2% carrier ampholyte (Ampholine, LKB Instruments, pH 3.5~5.0). Electrophoresis was carried out at a constant voltage of200 V for 6 hr at 4°C. After electrophoresis, gels were washed, fixed by soaking in 12.5% trichloroacetic acid solution overnight and stained with Coomassie blue R-250.
Determination of protein concentration. Concentrations of ovalbumin and s-ovalbumin were determined by ultraviolet absorption, using the optical factor of £}°^m=7.12 at 280nm.7>8) A molecular weight of 45,000 was assumed throughout this work.
RESULTS ANDDISCUSSION
Numbers of the ionizable carboxyl groups in ovalbumin and s-ovalbumin It is rather difficult to calculate the exact number of ionizable carboxyl groups from the titration curve of the protein. In this work, the apparent heat of ionization of the protein was measured and plotted against pH ( Fig. 1 ). As the heat of ionization for carboxyl groups is much smaller than that of imidazole groups of histidine residues, the end of titration for carboxyl groups can be obtained as the intersecting point of the slope of the two curves shown in this figure. The results presented in Fig. 1 show that the end of titration for the carboxyl groups of ovalbumin was about pH 5.9 . As the same value was obtained for sovalbumin, the number of ionizable carboxyl groups was calculated from the titration curves of both proteins (see Fig. 6 In this figure, h is H+ ions dissociated per mole protein, and a is a fraction of the dissociated form ofcarboxyl groups. Intrinsic pK ofcarboxyl groups was obtained as the value of pH -log (a/(l -a)) at h=0. carboxyl groups of ovalbumin behave similarly on conversion to s-ovalbumin and Gdn-HCl denaturation.
Harrington,10) however, studied the titration curve of ovalbumin in the presence and absence of GdnHCl and showed that eight carboxyl groups were normalized upon Gdn-HCl denaturation of ovalbumin.
The titration curve of ovalbumin denatured with Gdn-HCl was investigated. Figure 2 shows the titration curve of ovalbumin in 6 m Gdn-HCl, and Fig. 3 shows the apparent heat of ionization in the same solution. The results presented in Fig. 3 show that the end of titration for the carboxyl groups in 6mGdn-HCl was about pH 5.4. Using this value, calculation of the number of ionizable carboxyl groups was done against the titration curve of ovalbumin show in Fig. 2 . The number of carboxyl groups calculated by this procedure was 49, which was exactly the same as that of Ahmad and Salahuddin, 9) and also that of s-ovalbumin obtained in this work. Further, the number of carboxyl groups in ovalbumin as deduced from available data on its amino acid composition is also 49.n) The conclusion of Harrington must be erroneous. The Gdn-HCl used in his work might contain impurities. Two carboxyl groups of ovalbumin are liberated by Gdn-HCl denaturation and also on conversion to^-ovalbumin.
It can be seen in Fig. 4 Figs. 5 and 6 , the ovalbumin-sovalbumin transformation depends greatly upon the pH of the solution; the denaturation temperature of ovalbumin increases gradually at pHs above 8.5. If the liberation of carboxyl groups occurs concurrently with the conversion to s-ovalbumin, the liberation should be affected at the same alkaline pH of the solution.
To test this idea, the maximumproton uptake wasmeasuredfor various samplesof which denaturation temperatures were measured and given in Figs The pH ofa 5%solution ofovalbumin was adjusted to 9.0 and kept at 55°C for a definite time as shown in this figure. experiments were almost the same, about 4.75, the differences noted in the maximumproton uptake were assumed to be caused by the increase in the ionizable carboxyl groups. Based on this assumption, the results ofFigs. 7 The pH ofa 5% solution ofovalbumin was adjusted to 9,0 and kept at 55°C for a definite time as shown in this figure, a, untreated; b, 2hr; c, 4hr; d, 8hr; e, 12hr; f, 16hr. The state of carboxyl groups in ovalbumin and
As to the origin of abnormality of carboxyl groups in the native protein, not enough studies have been made. These abnormal carboxyl groups are often liberated on denaturation and unmasking of phenolic hydroxyl groups is also noted. Based on these results, many workers suggested the presence of carboxylate-phenolic hydroxyl hydrogen bonds in various proteins such as Takaamylase A,13) bovine serum albumin,14) lysozyme15) and ovalbumin.1)10) Another interpretation of the state of the abnormal carboxyl groups in the protein structure is that they mayinteract with the proximate positive charged groups.16)
It was shown that the reactivity of some unreactiye lysine side chains of ovalbumin is recovered upon partial denaturation, and under extreme denaturing conditions all lysine side chains react with Sanger's reagent.17) The two carboxyl groups of ovalbumin might interact with amino groups of lysine residues. If the abnormality of the carboxyl groups of ovalbumin is induced by the interaction with other amino acid residues described above, differences in the reactivity ofphenolic hydroxyl groups or amino groups should be noted between ovalbumin and^-ovalbumin. To test this idea, specific measurements of these two groups were made for both proteins. Figure 1 1 shows the results of spectrophotometric titration and Fig. 12 shows the results of amino group measurements for both proteins. It can be clearly noted in Fig. ll that about seven tyrosyl groups of both proteins were not dissociated up to pH 12. This result is almost the same as that ofSwaisgood et al.18) and that of Qasim and Salahuddin.19 ) It can also be seen in Fig. 12 that the number of reactive amino groups of both proteins was 16. This value was exactly the same as that of Finely and Friedman.20) Further, no difference could be found in each group of both proteins in these two figures.
Basedon these results for the state of abnormal carboxyl groups in ovalbumin, the idea of hydrogen bond formation with phenolic hydroxyl groups and that of ionic interaction with amino groups should be discarded. Although there remains a possibility of an ionic interaction with other charged groups such as guanidyl groups of arginine residues, someother explanations are necessary for the state of abnormal carboxyl groups in ovalbumin. The characteristic of these carboxyl groups is that they are liberated without accompanyingdenaturation of the protein structure.1>2l) They might not interact with any other residues of the protein, but might be partially buried in the native conformation. Further work should be done on the state of the two abnormal carboxyl groups in ovalbumin.
